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CURRENT SOURCE 

The present invention relates to a current source, and particularly but not 
exclusively to a current source adapted to generate a current proportional to absolute 

5 temperature (PTAT). 

PTAT current sources are used widely as biased current generators in integrated 
circuits. A simple implementation of such a source is shown in Figure 1 . The circuit in 
Figure 1 has first and second branches connected between supply Vdd and ground GND 
rails. The first branch comprises a resistor Rel, a first bipolar transistor Ql with its base 

10 tied to its collector, a second bipolar transistor Q3 and a resistor R. The second branch 
includes a third resistor Re2, a third bipolar transistor Q2 with its base connected to the 
base of the bipolar transistor in the first branch, and a fourth bipolar transistor Q4 with its 
base connected to its collector and its base connected to its corresponding bipolar 
transistor in the first branch. Thus, the first and third transistors are connected in a 

15 current mirror configuration, as are the second and fourth transistors. An output 
transistor Qo has its base connected to the bases of the first and third transistors Q1,Q2 
and its emitter connected via a resistor ReO to the upper supply rail Vdd. The output 
current lout is the collector current of the output transistor Qo which is supplied to the 
load driven by the current source. The emitter of the second bipolar transistor in the 

20 second branch is connected to the lower supply rail GND. In that circuit, assuming that 
the area of the bipolar transistor Q3 is n times the area of the bipolar transistor Q4, then it 
can be shown that the output current lout is given by: 

lout = Vt In n 

25 R 

where Vy is the thermal voltage (KT/q) and In is the natural log. Hence the output 
current lout is proportional to the thermal voltage Vt, which is proportional to absolute 
temperature T. One drawback of the circuit of Figure 1 is that the value of the output 
30 current lout increases with the supply voltage Vdd because of the early effect of the 
bipolar transistors. This variation of the output current with supply voltage can be 
reduced using various cascode configurations. However, the use of a cascode 
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configuration is that it restricts the minimum operating voltage. In particular, with 
existing technologies it is not possible to use a cascoded PTAT current generator down 
to supply voltages as low as 1.2 V. 

One example of a cascaded PTAT generator is shown in Figure 2. In Figure 2, 
5 the mirror connected bipolar transistors QC1 and QC2 form a cascode for transistors Ql 
and Q2. Since the transistors Ql and QC1 both have a voltage drop of around 0.6 V, it is 
clear that it is now not possible for the circuit to operate at 1.2 V. In fact, the minimum 
voltage is around 1.6 V. In Figure 2, the output transistor Qo is not shown. 

It is an aim of the present invention to provide a current source which can operate 
10 at lower supply voltages and in which the output current has a decreased dependence on 
temperature. 

According to one aspect of the present invention there is provided a current 
source adapted to produce an output current comprising: first and second circuit branches 
connected between first and second reference voltages, the first branch including a 

15 branch resistor connected at a junction node to a compensation resistor which is 
connected to the second reference voltage; and a start-up circuit connected to generate a 
start-up current at the junction node whereby the voltage across the compensation 
resistor increases with the first reference voltage and acts to reduce changes in the output 
current with the first reference voltage. 

20 Preferably each circuit branch comprises series connected bipolar transistors. 

The first transistor in the first branch and the first transistor in the second branch are 
connected together in a current mirror configuration. Likewise, the second transistor in 
the first branch and the second transistor in the second branch are connected together in a 
current mirror configuration. 

25 The circuit can comprise an output transistor whose base is connected to the 

bases of the first transistors, and the collector current of which provides the output 
current. 

For a better understanding of the present invention and to show how the same 
may be carried into effect, reference will now be made by way of example to the 
30 accompanying drawings, in which:- 

Figure 1 illustrates a simple implementation of a current source; 
Figure 2 illustrates a cascoded version of the circuit of Figure 1; 
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Figure 3 illustrates the circuit of Figure 2 with associated start-up circuitry; and 
Figure 4 illustrates a circuit in accordance with an embodiment of the invention. 
Figure 3 illustrates a cascoded current source circuit with start-up circuitry. The 
current source circuit itself is as illustrated in Figure 2 and described above. In addition, 
5 Figure 3 illustrates start-up circuitry in the form of mirrored bipolar transistors QS1 and 
QS2 and a switch transistor Qs. The mirror transistor QS1 has its emitter connected to 
the upper supply rail Vdd, and its collector connected through a start-up resistor Rs to 
ground GND and also to its base. The base of the first mirror transistor QS1 is 
connected to the base of the second mirror transistor QS2 which has its emitter 

10 connected to the upper supply rail Vdd and its collector connected to the collector of the 
transistor Q2 in the second branch of the current source. The switch transistor Qs has its 
emitter connected to the upper supply rail Vdd, its collector connected to the tied bases 
of the mirror transistors QS1, QS2 and its own base connected to the collector of the 
transistor Ql in the first branch. A start-up current I s is created by the first mirror 

15 transistor QS1 and the resistor Rs, It is mirrored into the second mirror transistor QS2 
and thus injected into the current source circuit at the collector of the transistor Q2. 
Once that circuit has started, the start-up current which was injected into the collector of 
the transistor Q2 is mirrored into the collector of the transistor Ql and thus drives the 
base of the switch transistor Qs to turn off the start-up circuit. Note that the output 

20 transistor Qo is not shown in Figure 3. 

As already explained above, the current source circuit illustrated in Figure 3 
cannot operate much below a supply voltage Vdd about 1.6 V. An alternative circuit 
configuration which can operate at lower supply voltages is illustrated in Figure 4. In 
Figure 4, like numerals designate like components as in the preceding figures. The 

25 circuit of Figure 4 differs from that of Figure 3 in that there is no cascode stage and in 
that there is an additional compensation resistor Rc connected between the branch 
resistor R and the lower supply rail GND. In addition, the start-up resistor Rs is 
connected between the start-up transistor QS1 and a connection node 8 between the 
branch resistor R and the compensation resistor Rc. This has the effect that a 

30 compensation current Ic flows in the compensation resistor Rc, generating a voltage Vc 
across the compensation resistor Rc. This actively created voltage reduces the base- 
emitter voltage of the third transistor Q3. This has the effect of reducing the collector 
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current at Q3, which affects the magnitude of the output current lout. In effect, the 
actively created voltage across the resistor Rc serves to feed back to the voltage at the 
emitter of the third transistor Q3, reducing it by a value which is determinable by the 
value of the compensation current Ic and the value of the compensation resistor Rc. 
5 This has the effect that the output current Tout of the current source circuit of 

Figure 4 is given by: 

Pou KYxjn n) : V. 
R 

10 

Note that the current I s continues to flow after start-up. 

This alters the relationship between the output current lout and the supply voltage 
Vdd. In the circuit of Figure 3, when the supply voltage increases, the output current 
lout also increases. However, in the circuit of Figure 4, as the supply voltage Vdd 

15 increases, the current through the start-up resistor Rs will increase and so the current 
through the compensation resistor Rc will increase. As this happens, the voltage Vc 
taken across the compensation resistor Rc increases, thus reducing the emitter voltage of 
Q3 and thus the output current. By selecting the appropriate values for the branch 
resistor R and the compensation resistor Rc, the change in output current with supply 

20 voltage can be significantly reduced. It has been found that by appropriately selecting 
resistor values for resistors Rel and Re2, in conjunction with appropriately selected 
resistor values R and Rc, the variation in output current with supply voltage can be 
reduced to less than 2% with a variation in supply voltage Vdd between 1 V and 10 V. 
This compares very favourably with a 47% increase in the output current lout without 

25 the described compensation technique. 



